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Behaviour of coarse grained soil with rotation path of stress Lode’s angle
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Abstract: In this study, the behaviour of coarse grained soil following the rotation path of stress Lode’s angle is studied under
the constant mean stress p and the constant deviatoric stress g in stress space. A large-scale true triaxial apparatus with special
friction-reduction technique is used to conduct rotation stress path tests in the deviatoric plane. In each test, the stress Lode’s
angle is increased and then decreased between -30° and 30° twice, which covers one-sixth deviatoric plane and represents the
whole deviatoric plane due to its symmetry. Under different stress ratios, the volumetric strain, deviatoric strain, strain Lode’s
angle and strain path are analyzed together with the rotation stress path. The conclusions are drawn as follows: firstly, soil
deforms together with the variation of stress Lode’s angle under the constant mean stress and deviator stress. In the first
increasing process of stress Lode’s angle both the elastic and the plastic strains occur. In the following processes, hysteresis can
be observed for the deviator strain, volumetric strain, and strain Lode’s angle, the last of which necessarily determines a certain
point in strain space. Secondly, the slope of the initial deviatoric strain still increases with the deviatoric stress following the
current stress paths. Thirdly, the soil can achieve failure with the increasing stress Lode’s angle, which is affected by the initial
stress ratio. Finally, an equation reflecting the variation of strain Lode’s angle is proposed, which should be included in the
constitutive model for soil.
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Fig. 2 Grain-size distribution curves of test soil
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Table 1 Schemes of true triaxial tests
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Fig. 3 Paths in deviatoric plane (p=0.4 MPa) in constant p and ¢
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Fig. 4 Comparison between controlled and calculated values of

three principal stresses
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Fig. 5 Variation of deviatoric strain with stress Lode’s angle
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Fig. 6 Variation of volumetric strain with stress Lode’s angle
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Fig. 7 Variation of strain Lode’s angle with stress Lode’s angle

A AT FC ARV A A (AR A A T N 7798 7




HF 1

JARRVE, S5, NS R R TR 2 A AT 59

AR T S8, A AN AT R G S2 BN T 5 RS 1 R
Wi o N T 7E A (P AS KRR TR ot 0 1 ) R AR
VAL T R FR

d0, =Cdp +C,dg+C,d6, (6)
K, G G CRERLTIor 5 RS A RN
EL 8

4 & P

AHFFCHR, A P TR I A BRLR 2 = A,
SRR E AT T4 p 25 ¢ 1K06. ST YT F1 984 A
1E-30° ~30° ZIAHRARIR 2 U, 48R T HEE Bk
FSRBLA RN glp BTSRRI A
AT SR, 3R T4

(1) B, (EAE IR S SRR &0, 2R
IIER AR, AT S R A B . R i
FOAIIINIERE, RSB, BRI
FIIEAE ISR, A B A
oo MRBIAS . AR RIS 5 A8 48 £ 5 BT 2L T
IR AR ORI . 7R AR % I P B — RS
IRASHT, A A £ A 20

(2) AR HO BRI ) SR, RIS 1
RERAT IR B S 7 1048 I T 89 00 o

(3) BEA RIS, AR R,
AT B AR R R ASA B TR . W%
DA 4%, REE - S BB AR AR LA St o,
K FIBEIOR A FE A TS

(AL T AHIRETR b 75 75 % 1 1 A8 T4 £
K BR. BT ARG R, B RES
57 BB R 5 B AT TR AT 9

SE -

[1] LADE P V, WANG Q. Analysis of shear banding in true
triaxial tests on sand[J]. Journal of Engineering Mechanics,
2001, 127(8): 762 - 768.

[2] CHOI C, ARDUINO P, HARDNEY M D. Development of a

true triaxial apparatus for sands and gravels[J]. Geotechnical
Testing Journal, 2008, 31(1): 32 - 44.

(3] JAERUE, WERE, R, S BT R =Rl ek
AR EE-BT KRR BT FL ). A 05 5 TR AR, 2017,
36(11): 2818 - 2825. (ZHOU Yue-feng, PAN Jia-jun,
CHENG Zhan-lin, et al. Chinese Journal of Rock Mechanics
and Engineering, 2017, 36(11): 2818 - 2825. (in Chinese))

[4] SUN D A, HUANG W X, YAO Y P. An experimental study of
failure and softening in sand under three-dimensional stress
condition[J]. Granular Matter, 2008, 10(3): 187 - 195.

[5] XIAO Y, LIU H, SUN Y, et al. Stress—dilatancy behaviors of
coarse granular soils in three-dimensional stress space[J].
Engineering Geology, 2015, 195: 104 - 110.

[6] ANANTANASAKU P, YAMAMURO J A, LADE P V.
Three-dimensional drained behavior of normally consolidated
anisotropic kaolin clay[J]. Soils and Foundations, 2012, 52(1):
146 - 159

(7] RITE, RN, RS E MR BT T[], KA
%, 1999, 37(5): 6 - 10. (LIU Yuan-xue, ZHENG Ying-ren.
Study on effect of Lode angle variation of stress[J]. Journal of
Hydraulic Engineering, 1999, 37(5): 6 - 10. (in Chinese))

(8] HMZERR, AR, MIEE, S5 BRI AR 70 R 138
FEE ) = 0hREewE Fe (0], & L TREEER, 2015, 37(5):
776 - 783. (SHI Wei-cheng, ZHU Jun-gao, DAI Guo-zhong,
et al. True triaxial tests on influence of spherical and
deviatoric stresses on deformation of coarse-grained soil[J].
Chinese Journal of Geotechnical Engineering, 2015, 37(5):
776 - 783. (in Chinese))

91 & ¥, 8 i, %45, & E sl b AR
FASTEAFIE]. HF MK 2R (A AR, 2017, 31(6):
478 - 484. (HU Ping, WEI Chao, YANG Ling-qiang, et al.
Non-coaxial behavior of sands in fixed principal stress axes
shear tests[J]. Journal of University of Jinan(Science and

Technology), 2017, 31(6): 478 - 484. (in Chinese))

(ke B4 )



